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W e report on the status of the M onte Carlo event generator WOPPER.Version 1.1 of WOPPER describes four
ferm ion production atLEP-IIand beyond with leading logarithm ic radiative correctionsin the double W

pole
approxim ation.Theseapproxim ationsareappropriateforalm ostallpracticalpurposes,buttheinclusion ofthese
nite width eectsand radiative correctionsisneverthelessindispensable forLEP-IIphysics.
1. Introduction
TheM onteCarloeventgeneratorWOPPER[1]for
fourferm ion production through W  resonances
atLEP-IIand beyond isthelatestaddition tothe
Darm stadt/Siegen fam ily ofM onte Carlo event
generators[2]. It is a true event generator that
generates a sam ple ofunweighted events which
can be used directly in detector sim ulations for
experim entsatLEP-IIandfuturelineare+ e  col-
liders[3]. The distinguishing featuresofWOPPER
are: o-shellpair production in the double pole
approxim ation and resum m ation of the leading
logarithm ic(initialstate)radiativecorrections.
2. R equirem ents
W hilewestillneed to add a directobservation
ofthe triple gauge vertices (TG V) to the over-
whelm ing indirect evidence for their existence,
any potentialdeviation from the standard m odel
values will in all likelihood be very sm all [4].
Supported by BM fFT,G erm any.
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Thus an observation of these sm all anom alous
couplingsin the perm ille range willonly be pos-
sible atan high lum inosity colliderbeyond LEP-
II,ifallstandard m odelcorrectionsare know to
an even better precision. This is only possible
ifseveralindependentsem i-analyticaland M onte
Carlo program sareavailable,which include(and
agreeon)allim portantcontributions.
In the nearerfuture,the prim e physics objec-
tive ofLEP-IIwillbe a precise m easurem ent of
the W  m ass,which willprovide an im portant
cross check ofthe standard m odeland help to
constrain possible physicsbeyond. Forexam ple,
reducing theerrorbelow 100M eV could closethe
window forlightHiggses(and thereforethe m in-
im alsupersym m etricstandard m odel)using con-
straintsfrom theelectroweak radiativecorrection
param eterr,asreported atthisconference[5].
Properaccounting fornitewidth eectsand ra-
diativecorrectionsisofcrucialim portanceforthis
m easurem ent. Thiscallsforreliable calculations
and M onteCarlo eventgenerators.
3. Features ofWOPPER
3.1. R adiative C orrections
WOPPER concentrates on the gauge invariant
subset of radiative corrections which is phe-
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nom enologically m ost im portant. The leading
logarithm ic (n ln
n
(s=m 2e)) radiative corrections
from theinitialstateleptonsareresum m ed to all
orders,including the exponentiation ofsoftpho-
tons.
Because ofthe t-channel-exchange diagram ,
it isnotpossible to unam biguously separate the
com plete O () initialstate radiative corrections
in a gauge invariant way. The restriction to
the leading logarithm ic contribution is therefore
phenom enologically reasonable and theoretically
sound.
W hiletheresum m ation ofterm sbeyond O (2)
isnum erically irrelevantfortheprojected LEP-II
statistics, the fully resum m ed form can be ob-
tained at no extra cost in a M onte Carlo event
generatorand has the desirable side eect ofan
unproblem atic probabilistic interpretation. All
nite order approxim ations suer from the so
called k0 problem : for som e infrared cut k0 on














in the channelwith no em ission ofa photon be-
com esnegative.In theresum m ed form ,however,
the big negative term in (1) exponentiates and
leadsto asm allbutpositivecrosssection.There-
fore the generated event sam ples are physically
m eaningfuland the corresponding crosssections
do notdepend on thesoftphoton cutintroduced
by the experim entalresolution.
Besides the theoretical advantage of keeping
only the gauge invariantleading logs,these cor-
rectionshavethebenetofleadingtoafactorized
crosssection.Denoting thephasespacevariables


















where the [PS0]depend on [PS],and the energy
fractions x ofthe initialstate leptons. For ex-
am ple,wehaves0= x+ x  sforthecenterofm ass
no rad.corr.
LLA rad.corr.





E B eam =G eV
=pb
Figure 1. Eect ofradiative corrections on the
totalcrosssection nearthreshold.
energy squared.Thiscrosssection can be im ple-
m ented easily in an event generator. Here the
electron distribution functionsD (x;2)obey the
























From the crosssection (2)itcan be seen that
the im portanteectsare eitheruniversalorofa
sim ple kinem aticalorigin:the shape ofthe total
cross section willbe shifted towards higher en-
ergies because ofthe energy loss from radiated
photons (\radiative tail", cf. gure 1). Parti-
cleswhich would beback-to-back dueto m om en-
tum conservation in non-radiative eventswillbe
acollinearin radiativeevents.
The M onte Carlo im plem entation of (2) in
WOPPER rst solves a suitably infrared regular-
ized version of(3)with auniversalphoton shower
M onteCarloand usethesam plecorrespondingto
thissolution to dene an eective centerofm ass
system (CM S) for each event after radiation of
initialstate photons. In this new CM S a rela-
tively sim ple Born type e+ e  ! 4f eventcan be
generated,which willthen beboosted back tothe
laboratory fram e. This nalboost incorporates
allkinem aticaleects,like acollinearitiesforthe
interm ediate W ’s,etc.
W hilethisapproach ism orethan adequatefor
allinclusivedistributions,thererem ain two areas
IK DA 94/9 (June 1994) 3
Figure 2. E  spectrum at
p
s = 170G eV,com -
paring WOPPER’sLLA prediction with wwf’sO ()
prediction. An angular cut for photons around
any charged particle in the nalstate has been
applied.





By its very denition,the leading logarithm ic
or pole approxim ation is applicable to collinear
radiation and inclusivespectra becausetheseare
dom inated by collinearradiation (cf.g.2,where





controlled approxim ation. However,we can use
existing O ()M onte Carlos[6]to gauge the nu-





the fullO ()calculation surprisingly wellin the
projected LEP-II energy regim e (cf.g.3). At






radiation. W hile the gures 2,3 and 4 conrm
thatareasonableangularcutaround any charged
particlein thenalstatewillrem ovealleectsof
nalstate radiation, are m ore com plete M onte
Figure 3. Sam e asgure 2,butforthe photonic




Figure 4.Sam e asgure 3,butathigherenergy
p
s= 500G eV.
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Carlo treatm entisofcoursedesirable.
3.2. Finite W idth
Fordetailed background studies,itisofcourse
necessarytostudyallnon-resonantdiagram scon-
tributing to e+ e  ! 4f at LEP-IIenergies [7].
For the identication of W + W   pairs, experi-
m entalinvariant m ass cuts willhave to be ap-
plied,however.Aftersuch cuts,the contribution
ofnon-resonantdiagram sgoesdown rapidly [7].
Forthesakeofeciency,version 1.1 ofWOPPER
im plem entsthefourferm ion nalstatestherefore
in double pole approxim ation.Thisisequivalent
to keeping the two so-called \signal" diagram s.
Forallpracticalpurposes,theW  ’sdecay into
lightquarksonly (b’sarestillrelatively lightand
because ofthe sm alljVcbj
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and decay widths W (s ). Thisfactorized form
is again very convenient for im plem entation in
a M onte Carlo event generator. The resulting
cross section,displaying the typicalsm earing of
the threshold,isdepicted in gure5.
3.3. Parton Show ers, Fragm entation and
H adronization
The description ofsem ileptonic and hadronic
W + W   events is ofcourse incom plete without
proper accounting for the hadronization of the
quarks in the nalstate. W orking interfaces of
WOPPER to both m ajor nalstate parton shower
and fragm entation m odels JETSET 7.4 [8] and
HERWIG 5.5[9]areim plem ented asofversion 1.1.
Therefore the events generated by WOPPER can
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Figure 5. Eect ofthe nite W  width on the
totalcrosssection nearthreshold.
4. Sam ple A pplication
At high energies, the transversally polarized
W  ’s from the t-channeldiagram are dom inat-
ing thecrosssection.From a physicsperspective
however,the longitudinally polarized W  ’s and
the contribution from the s-channeldiagram are
both far m ore interesting. The form er because
the longitudinalW  ’sarea directm anifestation
ofelectroweak sym m etry breaking and the latter
is where the three gauge boson vertex is to be
m easured.
It is therefore im portant to be able to recon-
structa sam pleoflongitudinally polarized W  ’s.
Fortunately,theV   A decay ofW  ! f f0isself









Here the P+ ;0;  aresim plepolynom ials[10].
In the case ofon-shellW  ’swithoutradiative
corrections,thedecay anglecan bereconstructed
in sem ileptonic decays by m easuring the energy
E ‘ ofthe charged lepton only [10]
cos =







However,using sem irealistic acceptance cuts of
175 >  > 5,thism ethod failsin the presence
ofnite W  width and radiative corrections,as
can be seen from the fathistogram sin gures6
and 7.
O n theotherhand,itseem stobem oreprom is-
ing to try to reconstruct the neutrino m om en-
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Figure6.Dierentm ethodsofreconstructingthe
decay angle in thepresenceofacceptancecuts
(175 >  > 5)and nite W  width.
Figure 7. Sam e as gure 6,but additionally in-
cluding leading log initialstate radiative correc-
tions.
tum from them issingtransversalm om entum ,the
m ass shellcondition p2 = 0 ofthe neutrino and
the approxim ate m assshellcondition ofthe lep-
tonically decaying W : (p‘ + p‘)
2 = M 2
W
. Ifwe
add thefurtherrequirem entthatthesquared sum
ofallreconstructed m om enta should deviate no
m ore than 10% from the squared CM S energy,
we getthe m uch im proved hashed histogram sin
gures6 and 7.They are in particularfree from
the characteristicshape distortionsgenerated by
the rstm ethod.
5. C onclusions and outlook
WOPPER is a fast, exible and supported tool
forW  physicsatLEP-IIand beyond.Com par-
isonswith otherM onteCarlos[6]hasshown that
the approxim ations used in WOPPER (leading log
radiation,resonantW ’s)can easily be controlled
forexperim entallyrelevantcuts.In theforthcom -
ing releases,thefollowing featureswillbeadded:
 Anom alous couplings. This feature has
been requested by experim entalists dur-
ing this workshop again. Therefore this
straightforward, if som ewhat tedious, en-
hancem entwillbe installed.
 Non electrom agnetic radiative corrections.
W e will add the dom inant contributions
which go beyond the running Q ED cou-
pling.The latterisofcoursealready avail-
able.
 Coulom b singularity. W e willadd thisfea-
ture soon,again by populardem and8. For
the tim e being, it will im plem ented in-
clusively,without generation ofthe corre-
sponding softphotons.
 Im proved photonic p

T
spectrum . Com -
parison with com plete O () M onte Carlos
showsthattheLLA isan excellentapprox-






8Atthe tim e this contribution to the proceedings iswrit-
ten, the Coulom b singularity has already been im ple-
m ented in WOPPER,Version 1.2.
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which cannotbedescribedin LLA.Thissit-
uation willbe im proved,either by explicit
inclusion ofnon leading term s or by phe-
nom enologicalinterpolation.
 Final state radiation and interference
term s. This willcom e som ewhere further
down the road.
Duetotheslowlyvaryingnatureofthee+ e  !
W + W   crosssection,the forward branching al-
gorithm [2]with hand crafted im portance sam -
pling asim plem ented in WOPPER v1.x issucient
for m ost practicalpurposes. W e shallhowever
replace it by a backward branching algorithm ,
which willblend better with a generalpurpose
M onteCarlo engine,wherethecrosssectionscan
be replaced m oreeasily [11].
6. D istribution policy
WOPPERisdistributed electronicallyovertheIn-
ternetusing the following channels:
 The FORTRAN-77 sources (in PATCHY for-
m at)can be obtained by anonym ousInter-
net ftp from the host crunch.ikp.physik
.th-darmstadt.de in the directories pub
/ohl/wopper/old, pub/ohl/wopper/pro
and pub/ohl/wopper/new, corresponding
to slightly outdated, current and experi-
m entalreleasesofWOPPER respectively.
 ThecurrentstatusofWOPPERcan bequeried
through the W orld W ide W eb from the
docum enthttp://crunch.ikp.physik.th
-darmstadt.de/monte-carlos.html.
 Im portant announcem ents (new versions,
fatal bugs, etc.) will be m ade through
them ailinglistwopper-announce@crunch.
ikp.physik.th-darmstadt.de. Subscrip-
tionsshould bem ailed towopper-announce
-request at the sam e host. The purpose
ofwopper-announce is notgeneraldiscus-
sions ofWOPPER,however,ifthere is inter-
est am ong users,a com panion list wopper
-discuss can be created by the authors
easily.
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